Purpose: The aim of this study was to evaluate whether malignant-looking thyroid nodules with size reduction were malignant or not. Methods: From November 2010 to July 2011, we retrospectively enrolled 16 patients with 16 nodules (11 females and five males; mean age, 55 years) who underwent core needle biopsy (CNB), and whose thyroid nodules had malignant ultrasonographic (US) features, although they showed size reduction (>20% decrease in maximum diameter) during the follow-up period (mean, 37±27 months). The histologic findings of the CNB specimen were reviewed and correlated with the US findings. US studies were analyzed for their internal content, shape, margin, echogenicity, the presence of microcalcification and macrocalcification, inner isoechoic rim, and low-echoic halo. Results: All nodules were confirmed as benign by CNB. Pathologic analysis was available for 12 CNB specimens. US imaging showed central hypoechogenicity or marked hypoechogenicity in all cases and a peripheral isoechoic rim in 15 nodules. US-pathologic correlation showed that the central hypoechoic area was primarily composed of fibrosis (12/12) and hemorrhage (8/12) and that the isoechoic rim was composed of follicular cells. Conclusion: In our study, the CNB results of all of the malignant-looking thyroid nodules with size reduction were benign and were primarily composed of internal fibrosis and hemorrhage. Understanding these US and pathologic features could prevent repeated fine-needle aspiration or unnecessary diagnostic surgery.
Introduction
The criteria for differentiating benign from malignant nodules in ultrasonographic (US) imaging are well-established, and the major guidelines recommend fine-needle aspiration (FNA) under US guidance for nodules with malignant US features [1] [2] [3] . Several studies have reported that initially Ultrasonography 35(4), October 2016 e-ultrasonography.org benign thyroid nodules undergo size reduction and show malignant features on follow-up US [4] [5] [6] . This unusual feature can also be seen in thyroid nodules following their treatment using ethanol or radiofrequency ablation [7] . Therefore, the correct diagnosis of these nodules depends on the history of the patient's minimally invasive treatment or on previously obtained sonograms.
Regarding the management of these nodules, if investigators encounter thyroid nodules with malignant US features but without definite, previous information, that is, known history of ethanol or radiofrequency ablation and/or previous sonograms, they should biopsy the nodules. Even if the biopsy results are benign, repeat FNA or diagnostic surgery will still be necessary due to their malignant US features [8] .
Therefore, our study was performed to test the hypothesis that thyroid nodules with size reduction, although with malignant US features, are benign, degenerating nodules rather than malignancies. To test this hypothesis, we evaluated the follow-up results regarding these nodules as well as the histological analysis of their core needle biopsy (CNB) specimens.
Materials and Methods

Patient Population
This retrospective study was approved by our Institutional Review Board, and informed consent was waived for use of the data in the research study; however, informed consent for all procedures had already been obtained from each patient before procedures were performed.
Computerized medical records and sonograms of 3,114 patients who had undergone US-guided FNA for thyroid nodules at our institution between November 2010 and July 2011 were reviewed. Among these patients, those with thyroid nodules showing all of the following criteria were enrolled: (1) thyroid nodules showing malignant US features, (2) size reduction seen on follow-up US (size reduction was defined as >20% decrease in the longest diameter), (3) follow-up of more than 1 year, and (4) undergoing CNB. The final diagnosis was based on the results of CNB and surgical pathologic examination.
The criteria for classifying a case as having malignant features on US imaging included at least one of the following: (1) marked hypoechogenicity, (2) the presence of microcalcification or macrocalcification, (3) taller-than-wide shape, and (4) a spiculated margin [3, 9, 10] . Ultimately, 16 nodules from 16 patients (11 females and five males; mean age, 55 years; range, 33 to 63 years) were included in our study.
US and US-Guided FNA or CNB
US was performed using one of two US systems, an iU22 unit (Philips Healthcare, Bothell, WA, USA) or an EUB-7500 unit (Hitachi Medical Systems, Tokyo, Japan) equipped with a linear high-frequency probe (5-14 MHz). All US and US-guided procedures were performed by clinically experienced radiologists with 7-17 years of clinical experience performing and evaluating thyroid sonograms.
US-guided FNA was performed using a 23-gauge needle attached to a 10-mL, disposable, plastic syringe. US-guided CNBs were performed using a disposable, 18-gauge, double-action, springactivated needle (1.1-or 1.6-cm excursion, TSK Ace-cut, Create Medic, Yokohama, Japan). After local anesthesia with 1% lidocaine, the end of the biopsy needle was advanced into the edge of or within the nodule using a free-hand technique, and after which the stylet and cutting cannula of the needle were fired sequentially. After FNA or CNB, each patient was observed, and a firm, local compression of the biopsy site was applied for 10-20 minutes [8, 11] .
Analysis of the US Findings and Histopathologic Results
Sonograms were retrospectively reviewed independently by two clinically experienced radiologists (H.Y.L. and J.H.B., with 8 and 17 years, respectively, of clinical experience performing and evaluating thyroid US). Any diagnostic discrepancies between the two reviewers were resolved by consensus. Individual sonograms were analyzed for the internal content (solid, predominantly solid, predominantly cystic, or cystic), shape (oval-to-round, irregular, or taller-than-wide), margin (smooth, ill-defined, or spiculated), echogenicity (markedly hypoechoic, hypoechoic, isoechoic, or hyperechoic), the presence of microcalcification and macrocalcification, an inner isoechoic rim, and a low-echoic halo [4, 8] . An inner isoechoic rim was defined as a thin, continuous, isoechoic rim that lines the perimeter of a nodule, and which was presumed to have a histologic correspondence to an intact solid component at the periphery of a pre-existing cystic nodule (Figs. 1, 2) [4] . A low-echoic halo was defined as a hypoechoic rim surrounding the outer margin of a nodule (Figs. 1, 2 ) [4] . All of the other US features were based on previously published criteria [3, 4] .
Histopathologic analysis of the CNB and the surgical specimens was available in 12 and two patients, respectively, and which were retrospectively reviewed by one clinically experienced cytopathologist (D.E.S., with 9 years of clinical experience in thyroid cytopathology). As the diagnostic criteria of CNB have not been standardized for thyroid nodules, diagnoses based on CNB histology were categorized into the six categories of the Bethesda System as follows [8, 12, 13] . A non-diagnostic CNB reading included the absence of any identifiable follicular thyroid tissue, the presence of only a normal thyroid gland, and tissue containing only a few follicular cells that were insufficient for reaching a diagnosis. The benign CNB reading included colloid nodules, nodular hyperplasia, lymphocytic thyroiditis, Graves' disease, and postpartum thyroiditis. The atypia with undetermined significance reading for CNB included nodules in which some atypical cells were present but which were not sufficient for a diagnosis of suspicious malignancy or malignancy.
Nodules with histologic features favoring follicular neoplasm were categorized as "suspicious for follicular neoplasm" or "follicular neoplasm." The "suspicious for malignancy" or "malignancy" CNB readings were designated when the specimen exhibited atypical features that were insufficient for a definite diagnosis of malignancy or had unequivocal features of cancer, respectively 
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Ultrasonography 35(4), October 2016 e-ultrasonography.org [8, 13, 14] . The histological changes in response to degeneration in pre-existing nodules, such as hemorrhage, fibrosis, calcification, granulation tissue, infarction, and atypia, were reviewed [8, 15] . The histopathologic features of a CNB specimen were correlated with the US features in each nodule.
Results
The demographic data, histologic diagnosis, and US features are presented in Tables 1 and 2 . The results of initial FNA biopsy for the 16 nodules were benign in 11 patients and non-diagnostic in five. All nodules had malignant US features at the time of the CNB, although five of 16 nodules (31%) had malignant US features seen on the initial US. The sizes of 16 nodules ranged from 11 to 65 mm (mean, 21.3 mm) in longest diameter on the initial US, and the sizes ranged from 3 to 26 mm (mean, 9.8 mm) on the final US.
The average reduction rate of the nodules was 47.9%±20.8%, and ranging from 26.3% to 89.2%. The proportions of the solid component were predominantly cystic in 25% (4/16), predominantly solid in 25% (4/16), and solid in 50% (8/16) of the nodules on the initial US. An inner, isoechoic rim was present in 15 (94%) and a low-echoic halo in 13 of the nodules (81%). An inner isoechoic halo was present in all of the 13 nodules with low-echoic halo. CNB specimens of 12 nodules were retrieved for histological analysis from the Department of Pathology of our institution. CNB specimens of four patients were not available to review because they were not retrievable from our pathology department. Among the 12 nodules, the central portions were mainly composed of fibrosis (n=12, 100%), hemorrhage (n=8, 67%), atypia (n=1, 8%), and relatively few follicular cells in all cases, and which corresponded to the hypo-or marked hypoechogenicity seen on US (Figs. 1, 2) . The peripheral portions had a sufficient number of follicular cells for diagnosis in 11 cases (Figs. 1, 2) , and which corresponded to the US feature of the inner isoechoic rim. Two patients underwent total thyroidectomy because of discordant image-pathology results. They were finally diagnosed with nodular hyperplasia and Hürthle cell adenoma, respectively. The central portion of each nodule, composed of hematoma and fibrosis with a few follicular cells, was identified from the surgical specimen in both cases. The histologic results of the 12 nodules are summarized in Table 3 .
Discussion
Our study demonstrated that all 16 thyroid nodules with malignant US features and with reduction in size during the follow-up period were found to be benign rather than malignant. On histological review of the CNB specimens of 12 nodules, the nodules consisted primarily of fibrosis (100%) and hemorrhage (67%). In terms of the histologic features of these degenerating nodules, the malignant US features were derived from fibrosis and hemorrhage. There were relatively few follicular cells in the center of the nodules, although there was a substantial number in the periphery in 91.7% (11/12) of the nodules. Targeting the central portion of a nodule may pose a higher risk of a non-diagnostic rate on FNA. CNB including the center and periphery of the nodules could minimize non-diagnostic results as well as provide histologic information regarding the degenerative changes.
It is well known that degeneration of cystic or partly cystic thyroid nodules shows malignant US features with reduction in the nodule size [4] [5] [6] . Sohn et al. [6] suggested that serial sonograms are helpful for diagnosing degenerating cystic thyroid nodules. In their study, all malignant-looking thyroid nodules with size reduction after FNA had a cystic component seen on the initial US. In our study, four thyroid nodules were predominantly cystic on the initial US, but others were predominantly solid (n=4) or solid (n=8). These results suggest that not only cystic nodules but also solid nodules can show degenerative changes. Therefore, degenerating, solid thyroid nodules should not be regarded as malignancies. Malignant nodules also have the possibility of spontaneous degeneration, although there was no malignant case in the present study. Falsepositive or disappearing papillary thyroid carcinomas on surgery infrequently occur, and reactive histological changes from needle passage were found to be one of the major causes of this unusual phenomenon [16, 17] . The US features of those malignant nodules with degenerative changes may differ from those of benign nodules; however, the US features of these nodules were not described in the literature. In these unusual circumstances, review of sonograms prior to the FNA procedure or surgery could be the only clue to diagnosis.
Ko et al. [4] reported that 46% of collapsing cystic nodules were misclassified as malignant on US because they showed marked hypoechogenicity, microcalcification, and/or spiculated margins. They suggested more specific US findings for degenerating nodules than those obtained for papillary thyroid carcinomas, that is, an inner isoechoic rim and perinodular halo, although these findings were not correlated with histology. Our study showed similar US features. An inner isoechoic rim and low-echoic halo were also common findings in the degenerating nodules. Correlation of US and pathologic features of a CNB specimen showed comprehensive and useful information for diagnosing degenerating thyroid nodules. A hypoechoic or markedly hypoechoic central area showed fibrosis and hemorrhage. These central hypoechoic areas were seen to contain few follicular cells on histology, but the inner isoechoic rim seen on US contained abundant follicular cells. These findings suggest that central hemorrhage or infarction resulted in fibrosis showing a low echo on US and that the peripheral, inner-isoechoic rim is remaining thyroid tissue compressed by central hemorrhage (Fig. 3) . Understanding of these US and pathologic features can reduce nondiagnostic FNA results by targeting the peripheral isoechoic area. In addition, CNB targeting both the central, low-echoic portion and the peripheral, isoechoic portion can provide comprehensive information for identifying degenerating thyroid nodules.
The cause of malignant US features in benign thyroid nodules is not well established. Several studies have reported that low echogenicity, one of the malignant US features, is related to Ultrasonography 35(4), October 2016 e-ultrasonography.org nodules with suspicious US features by allowing an understanding of the histologic changes and may thus prevent repeated FNA or diagnostic surgery. In our study, two patients underwent diagnostic surgery due to malignant US features, although the CNB results were benign. Recently, CNB has been reported to be a valuable diagnostic tool that can be used to reduce the incidence of diagnostic surgery and/or repeated FNA in patients with previously non-diagnostic [11, 25] or indeterminate FNA [26, 27] results as well as discordant US-pathology results [8] . Yeon et al. [11] reported that diagnostic surgery was prevented by CNB in 96% of their patients with two sets of non-diagnostic FNA results. CNB would prevent further diagnostic surgery or repeated FNA in these malignancy-mimicking degenerating nodules by providing an understanding of the histologic changes of degeneration. Our study results could, thus, reduce unnecessary diagnostic surgery for thyroid nodules with malignant US features but with reduction in size.
Our study has some limitations, including its retrospective study design and small number of patients, which may have caused a selection bias. However, our study has a definite clinical impact when considering that the incidence of solid or predominantly solid nodules showing gradual size reduction is relatively rare, and the number of cases with histologic confirmation using CNB or surgical excision is limited. Nevertheless, our results require additional, prospective studies with larger patient populations. Specific statistical analysis was not performed because the purpose of our study was to identify the benignancy of degenerating nodules according to the pathology correlation.
To conclude, we found that all of the 16 nodules with malignant the fibrotic component of thyroid nodules [18, 19] . Similarly, all degenerating nodules in our study were markedly hypoechoic or had a hypoechoic US feature and were primarily composed of fibrosis. Fibrosis in degenerating nodules has been known to be caused by hemorrhage, infarction, and degeneration [8, 20] . Ha et al. [8] performed CNB for thyroid nodules with initially benign FNA results, but which showed malignant US features. They concluded that benign thyroid nodules could show malignant US features because of fibrosis, hemorrhage, and calcifications. These observations are similar to those of our study. Several studies have reported the natural history of thyroid nodules [21] [22] [23] . Size reduction or nodule disappearance in 52% of untreated, benign thyroid nodules has been reported, and these changes were more frequently observed in cystic nodules [23] . Other restudies have assessed the gradual size decrease of benign cystic or partially cystic thyroid nodules which occurred spontaneously or following needle aspiration, and these nodules tended to have malignant features seen on US [4] [5] [6] . Recently, Ito et al. [24] reported a benign solid nodule with a 97% decrease in nodule volume, and which showed malignant US features during the 16-year follow-up period. In our study, 75% of the degenerating nodules (12/16) were initially solid (50%) and predominantly solid (25%). Although these nodules might be concluded as to be benign due to their size reduction, confident diagnoses could not be made because the nodules were initially solid and showed malignant features on follow-up US. Moreover, degenerative changes, including severe fibrosis and hemorrhage, as observed in our study, could result in insufficient diagnostic results on followup FNA. CNB improved the diagnostic confidence for these benign Fig. 3 . Schematic, sequential feature of a degenerating nodule corresponding to Fig. 1 .
A. An isoechoic nodule is surrounded by a hypoechoic rim (arrow) in the thyroid gland. B. Internal hemorrhage (Hem) compresses the remaining isoechoic solid portion of the nodule (arrows). C. Nodule is gradually contracted with degenerative changes such as fibrosis, infarction, and calcifications.
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US features that showed gradual size reduction on follow-up were confirmed to be benign. 
